The thromboplastin generation test, originally described by Biggs and Douglas (2) , has proved to be a valuable tool in the study and diagnosis of hemorrhagic disease. Several problems have arisen from its use, however. These have centered about the preparation of the reagents for the test and the implications of an abnormal test result. This test, which measures the rate of formation and the amount of plasma thromboplastin, may be performed with platelet factor 3 supplied by either a platelet suspension or an emulsion of phosphatides from soybeans or brain. In the routine performance of the test we have used a soybean phosphatide.
Early in the course of our studies with the thromboplastin generation test, we occasionally found a serum factor deficiency different from deficiencies of PTC (factor IX) or Stuart factor (factor X). This labile serum factor defect was not evident in fresh serum but developed as the serum was aged from 3 to 24 hours. The abnormality was noted in some patients with undiagnosed bleeding whose other coagulation tests were normal. Patients with liver disease, patients with polycythemia vera, and newborn infants usually had this defect. It was sometimes found, combined with other defects, in patients receiving coumarin drugs. It occured in a few "normal" control subjects. Such defective thromboplastin generation could be corrected readily by the use of any one of the following in the test system: serum aged 3 to 24 hours from most normal human subjects; serum aged for only 1 or 2 hours t This work was performed during the tenure of an American Heart Association Research Fellowship. from the patient under study; aged sera from patients with PTC (factor IX) deficiency; sera deficient in Stuart factor (factor X); and by the use of platelets instead of soybean phosphatide as the source of platelet factor 3. Some characteristics of this labile serum factor suggest a similarity to the factor in serum described by Duckert, Flfickiger, Matter and Koller (3) and Spaet and Kropatkin (4) .
The studies to be reported will illustrate and define this labile serum factor and will point out its possible significance in patients.
METHODS
All blood was drawn by the two-syringe technic. Normal oxalated plasma was obtained by adding 7 ml of whole blood to 1 ml of 1.85 per cent potassium oxalate solution and centrifuging the mixture 10 minutes at 4,000 rpm and 40 C. Adsorbed plasma was provided by mixing 1 ml of oxalated plasma with 100 mg barium sulfate for 30 minutes with a magnetic stirrer and then centrifuging. Such plasma did not clot after the addition of brain thromboplastin and calcium chloride, and its prothrombin content by the two-stage method was always less than 5 per cent and usually unmeasurable. Barium sulfate-adsorbed serum was prepared similarly. For the "aged serum" reagent, blood was allowed to clot and incubated for 1 hour at 370 C. The serum was then removed and aged additionally at 37°C for variable periods of time. Most studies were performed with reagents which had not been frozen previously. We did demonstrate, however, that sera which in the fresh state had the labile serum factor defect continued to manifest the same defect when stored at -300 C for as long as 2 weeks before being thawed and tested. The age of the serum was designated as the number of hours of incubation after venipuncture. The soybean phosphatide 1 concentration was 0.1 per cent in saline. A platelet sus1ension was prepared from platelet-rich plasma obtained from blood centrifuged at 700 rpm in an angle centrifuge at 40 C. Platelets were then separated by centrifugation of the platelet-rich plasma at 4,000 rpm. The resulting "platelet" clump was broken up and washed 3 times with saline. After the final resuspension in a volume of saline equal to the volume of the plasma from which they were derived, the platelets were frozen and thawed 3 times prior to use to insure adequate disruption. Thrombin at a strength of 100 U per ml was prepared from bovine thrombin.2 It was diluted with normal saline to give various concentrations. This thrombin-saline solution was employed as the diluent for the serum or barium sulfate-adsorbed plasma whenever thrombin was to be added to the thromboplastin generation test.
The thromboplastin generation test (TGT) (5) was performed by incubating 0.3 ml BaSO4-adsorbed plasma (diluted Tj with saline), 0.3 ml aged serum (diluted % with saline), 0.3 ml of 0.1 per cent soybean phosphatide, and 0.1 ml of 0.015 M CaCl2. The adsorbed plasma and the aged serum were used immediately after dilution. Plasma having a normal concentration of prothrombin and fibrinogen was used for the substrate or indicator plasma. When thromboplastin generation was normal, a fibrin clot always formed in the incubation tube at about the time maximal thromboplastin developed. No clot formed in the incubation tube when thromboplastin generation did not occur.
Corrections of abnormal test results were made as follows. The serum, which was to be tested for corrective potential, was supplied to the system in place of 0.15 ml of the patient's diluted serum, so that the total serum reagent volume was maintained at the usual 0.3 ml and consisted of 0.15 ml of the patient's diluted serum and 0.15 ml of the diluted "corrective" serum. Corrective sera included normal serum, the patient's serum aged for shorter periods of time, PTC (factor IX) deficient serum, and Stuart factor (factor X) deficient serum. 3 In some tests the platelet suspension was used to replace the soybean phosphatide as the source of platelet factor 3. BaSO4-adsorbed plasma from normal subjects was employed in place of the patient's adsorbed plasma. The corrective effect of thrombin was tested by supplying it to the thromboplastin generation test as the thrombinsaline diluent for the serum or BaSO4-adsorbed plasma.
More highly purified bovine thrombin and prothrombin4
were added in the same way for use in TGT correction.
To express thromboplastin generation capacity in a numerical value related to percentage of normal, the area above the thromboplastin generation curve was compared with that obtained with the blood of normal con- normal thromboplastin generation even though the patient's 24-hour serum was used ( Figure 2 ). This occurred with platelets either from the patient or from a normal subject. Serum deficient in PTC (factor IX) effected complete correction of the patient's 24-hour serum. BaSO,-adsorbed normal plasma was not corrective. Stuart (factor X) deficient serum similarly restored normal thromboplastin generation ( Figure 3 ). Normal serum adsorbed with barium sulfate did not correct the defect. These results suggested that the labile serum factor differed from PTC, PTA and the Stuart factor, was more labile on aging than these factors, and was adsorbed by barium sulfate. amount of thrombin, usually 0.024 U, which was required to correct the labile serum defect, was mich too snmall to he detected by ordinary nmethods; e.g., it would not clot fibrinogen or plasma.
In most of these studies the thrombin was added to the incubation tube as a thrombin-saline diluent of the serum reagent. If it was added as a part of the saline diluent for the barium sulfate-adsorbed plasma, a similarly normal thromboplastin generation test resulted. As might be expected, however, thrombin added to the substrate plasma did not correct an abnormal thromboplastin generation test resulting from the labile serum factor defect. It was essential that the thrombin be present in the incubation mixture during the period of thromboplastin generation. This amount of thrombin, 0.024 U, had no or little effect upon the greatly impaired thromboplastin generation found in patients with hemophilia (factor VIII deficiency) and with PTC (factor IX) deficiency. Twenty-two patients with hemophilia and eight in normal aged serum without the loss of effective amounts of PTC and the Stuart factor.
In addition, the ability of normal serum to correct the labile serum deficiency in thromboplastin generation was lost progressively with dilution. stroy its ability to correct the labile serum defect.
Prothrombin (1.3 U) then was incubated with the defective serum. Such a mixture retained its original ability to provide normal thromboplastin generation. Of course, this amount of prothrombin was very large as compared with the amount of thrombin used.
The corrective action of platelets on the TGT was not destroyed after an hour's incubation of the serum and platelets together. The antithrombin of the serum deficient in the labile factor was similar to that of normal serum.
Heat stability of the labile serum factor. The heat stability of this factor in normal and PTC deficient serum is given in Table III . These sera tended to lose their ability to correct the labile serum defect with progressive heating. For example, normal serum heated 15 minutes at 500 C only partially corrected the abnormal thromboplastin generation of the labile serum defect. Further heating at 50°C provided additional losses of the labile factor in normal serum. The heating of the normal serum to 560 C for 5 minutes led to complete loss of activity. The addition of 0.024 U of thrombin completely restored the cal)acity of the normal serum heated to 500 C to gelicrate thromrboplastin. Thronihin did not correct completely normal seriumi heated to .56' C. Heating was less effective ill destroying the corrective capacity of PTC deficient serum, perhaps because of the larger amounts of residual prothrombin and thrombin present in this serum.
Patients and subjects with the labile serum factor defect. With all of these individuals, the defect was manifest in serum aged for 3 hours. Thirty-three patients with different types of clinical bleeding of unknown cause had abnormal thromboplastin generation because of the labile serum factor defect. These included patients with gastrointestinal Nleeding, nosebleeds, easy bruising, operative and postoperative bleeding, and subdural hematomas. In none of these patients were there found local lesions or other hematological and coagulative abnormalities to explain the bleeding. The labile serum factor defect continued to be present when the same patients were restudied on subsequent occasions. Some patients had required transfusions. Four others, however, had had abdominal surgery performed without excessive operative or postoperative bleeding.
Many of these patients had a family history of bleeding. The labile serum factor defect was found in two sisters who bruised easily and bled excessively after dental extractions. It was demonstrated in a mother and daughter, both with a history of bleeding. It was found in the son and two grandsons of a man who had died of unexplained massive gastrointestinal bleeding.
The labile serum factor defect was present in 10 of 13 patients with polycythemia vera. In addition to elevated hemoglobin, erythrocyte and hematocrit values, most of these patients had elevated platelet counts. Their thromboplastin generation defect was severe and typically was corrected by serum aged 1 or 2 hours, thrombin 0.024 U, PTC deficient serum, or platelets from normal subj ects. Ten other patients with abnormal thromboplastin generation due to deficient labile serum factor included three patients with hereditary hemorrhagic telangiectasia, two with thrombasthenia and five with myelofibrosis.
Umbilical cord blood was obtained from new-born infants. The sera obtained from these blood specimens were used in the thromboplastin generation test. The. barium sulfate-adsorbed plasma and the substrate plasma used were from normal adults. Nine of the ten newborn sera tested had abnormal thromboplastin generation, characteristic of the labile serum factor defect. In these, the test results ranged from 0 to 74 per cent, with five sera producing no thromboplastin generation. One hundred two studies were performed in 75 "normal" adult subjects. In only six of these was the thromboplastin generation abnormal when the serum was aged 3 hours. In each instance the abnormality was caused by the typical labile serum defect which tended to be moderate rather than severe. The test results were 71, 70, 60, 43, 41 and 20 per cent for these six tests.
Labile serum factor defect in liver disease. The thromboplastin generation test was abnormal in 33 of 47 patients with hepatic cirrhosis. With serum aged for 3 hours, thromboplastin generation ranged from 0 to 74 per cent. In 28 of these patients the serum defect fitted well into the labile serum factor classification in that it was corrected by the addition of 0.024 U of thrombin, by the patient's serum aged only 1 or 2 hours, by normal aged serum, usually by the use of platelets, by PTC deficient serum, or by Stuart deficient serum (this latter attempted in only one instance). Eleven of these patients were studied subsequently on 20 occasions and continued to demonstrate the labile serum factor defect. Three patients (lid not have the defect when restudied later lbut had had clinical improvement of the liver disease. The five other patients with abnormal thromboplastin generation had multiple defects which included Stuart factor and PTC as well as the labile serum factor. Their tests were only partially corrected by serum aged 1 hour, by platelets, by 0.024 U of thrombin, or by PTC deficient serum.
Most of the patients with cirrhosis had associated reduced prothrombin and factor VII concentrations; some had, in addition, increased fibrinolytic activity. The where, was caused usually by Stuart factor and PTC deficiencies (9) . In some patients, however, the labile serum factor defect contributed somewhat to the thromboplastin deficiency. Figure 8 illustrates this point. Serum aged only 1 hour, the addition of thrombin, or the use of platelets all corrected partially the very abnormal thromboplastin generation caused by defects in the patient's 3-hour serum.
Cross correction studies. On many occasions serum from one patient with the labile serum factor defect was used in an attempt to correct the abnormal thromboplastin generation test of another patient with a similarly identified defect. In no instance was the slightest correction obtained. A failure of correction also resulted when sera from the patients with liver disease or from those receiving coumarin drugs were so tested.
DISCUSSION
The "labile serum factor" deficiency in thromboplastin generation encountered in these patients had some of the attributes of a PTC deficiency. Normal serum provided complete correction; the failure of normal barium sulfate-adsorbed plasma to correct the abnormal thromboplastin generation test ruled out deficiencies of factor VIIT, factor V, I 'TA and the 'glass" factor. When it was found that PTC deficient sertumi completely correcte(l the defect, however, it was clear that a PTC deficiency was not the explanation. In a similar manner, the possibility of a Stuart factor deficiency was ruled out. The next question arose as to what other known serum factor could be defective.
Serum, of course, contains initially many of the substances present in plasma and, in addition, the substances formed in the process of clotting. In 1904 Bordet and Gengou called attention to the clot-promoting activity of serum (10) . They believed that this activity in serum might be thrombin or a derivative. Serum from normal subjects aged for 3 hours at 370 C does not exhibit thrombic activity, however, as indicated by an ability to clot fibrinogen or plasma. It might still contain traces of thrombin which might catalyze thromboplastin generation and other reactions.
Others have shown that serum contains clotpromoting activity apparently different from thrombin (11, 12) ; DeVries, Alexander and Goldstein have termed such activity SPCA or serum prothrombin conversion accelerator ( 11 ) . It is now most commonly recognized as factor VII. Ware and Seegers have also stressed the presence of serum accelerator globulin (factor VI) in serum (13) . PTC (factor IX), the Stuart factor (factor X) and PTA are other well recognized components of aged serum.
Factor VII has been considered unnecessary for the thromboplastin generation test (14) . It is also much more stable than the "labile serum factor," since it resists heating to 560 C for 30 minutes (14) . The plasma from patients with the "labile serum factor" defect had a normal factor VII level. Such information suggests that the labile serum factor was probably not factor VII.
In 1955 Duckert, Flfickiger, Matter and Koller described a serum factor, necessary for thromboplastin formation, which was absent in sera from Dicumarol-treated patients, the newborn, and patients with hepatitis and cirrhosis (3) . Their serum factor was adsorbed by barium sulfate and disappeared from normal sera in a few hours to a few days when stored at room temperature. The thromboplastin generation test in the patients with this defect became much worse when they used a brain extract as a source of platelet factor 3 instead of platelets. Recently Koller, of this same hroup. has indicated that the sertim factor which the! descril)ed was priinarily the Stuart factor (factor X) (15) . Spaet and Kropatkin pro-(lucecl a thromboplastin generation deficiency in normal sera aged in the refrigerator for 1 week or longer (4) . It was distinguished from Stuart factor or prothrombin deficiencies but was thought to be closely related to prothrombin or a prothrombin derivative. This defect was also found in liver disease (16) . Abnormal thromboplastin generation from a serum defect resulted when normal serum was incubated with thorium (17) . The thorium-induced deficiency was corrected by PTC (factor IX) and PTA deficient sera but not by refrigerator-aged serum or Dicumarol serum.
The labile serum factor which we have described appears somewhat similar to the factors originally described by Duckert and co-workers and by Spaet and Kropatkin (3, 4) . Our results have indicated that a deficiency of this factor was produced readily in sera from certain patients by aging 3 to 24 hours at 370 C. It was destroyed in normal sera by incubation at 500 C. A defect of this factor could be produced quantitatively in normal serum by serial dilutions with saline. The factor was essential for normal thromboplastin generation with the use of soybean phosphatide as the source of platelet factor 3.
A trace amount of purified thrombin (0.024 U) corrected the labile serum factor defect. This amount, insufficient to clot fibrinogen or plasma, was adequate to restore normal thromboplastin generation to sera with the defect. Thrombin in this small quantity did not effect normal thromboplastin generation in PTC or in AHG deficiencies. Purified prothrombin, in much larger and measurable amounts, also restored normal thrombollastin generation.
Serum with the labile factor defect had the capacity to nullify the usual corrective effect of thrombin if the thrombin and serum were incubated together prior to use in the TGT. Such serum destroyed or inactivated this small amount of thrombin. The corrective effect of platelets was not destroyed by incubation with the serum.
Platelets are known to possess a number of factors with blood clotting activity (14) . Of (18) . Perhaps such activity is attributable to adsorption of thrombin to platelets. The ability of platelets to correct the labile serum factor defect may then depend upon their adsorption of a trace of thrombin or like substance. These studies of the labile serum factor defect suggest that thrombin in minute amounts must be present for normal thromboplastin generation.
That thrombin has such a catalytic role in the TGT is not surprising in view of its profound effect upon so many other blood clotting tests. For example, thrombin activates antihemophilic globulin (19) ; it converts accelerator globulin into an active form (13) ; it aids in the conversion of prothrombin to thrombin (20) ; it "labilizes" platelets (21) . We have no information about the mechanism through which thrombin may exert its effect in thromboplastin generation.
Biggs, Douglas, and MIacfarlane found that a low concentration of thrombin, too small to clot plasma but which would clot fibrinogen in about 150 seconds, accelerated normal thromboplastin generation (22) . Miale and Wilson suggested that the thrombic activity observed to develop in the incubation tube of the TGT might have importance in thromboplastin formation (23) . They found that the addition of 0.25 U of thrombin accelerated normal thromboplastin formation and reduced the usual lag period. This amount was much greater than the 0.024 U needed to correct the labile serum defect.
We do not know that the labile serum factor defect has any relationship to hemorrhagic disease. Since it develops only with the aging of serum, perhaps it is only a laboratory curiosity. Yet this defect was encountered in many patients with clinical bleeding otherwise unexplained and in some other patients with other known coagulation defects. The in vitro ability of a serum to destroy this labile serum factor or traces of thrombin, as the case may be, may bear a relationship to such an in vivo phenomenon as a bleeding tendency.
The thromboplastin generation test has a growing use in clinical laboratories for the diagnosis of hemorrhagic disease. Should the platelet factor 3 reagent be supplied as a soybean or brain phoslplhati(le iistea(l of as a )ltitelet suispenlsioni, it iS clear that an abnormal TGT will result fromn time to time from the labile serum factor defect. Such an abnormal TGT must be interpreted properly after the performance of detailed corrective studies. Only thus can the over-diagnosis of a disease like PTC (factor IX) deficiency be avoided.
SUMMARY AND CONCLUSIONS
A labile serum factor necessary for thromboplastin generation has been described. A deficiency of this factor appears in the serum of some patients which has been aged 3 to 24 hours. The defect manifests itself when soybean phosphatide is used as the source of platelet factor 3 in the thromboplastin generation test. Studies to date suggest that the labile factor is a trace of thrombin and that, in sera showing the defect, such traces of thrombin are destroyed in a few hours. If so, this is simply another illustration of the importance of thrombin as a catalyst for clotting reactions.
We have found the labile serum factor defect in many patients with otherwise unexplained bleeding of clinical significance. In addition, it has consistently been detected in the newborn and in patients with liver disease, with polycythemia vera, and after coumarin drugs. It was rarely found in normal adult individuals whose serum was aged for 3 hours at 370 C. Whether or not this serum abnormality has real importance in the production of hemorrhagic disease remains to be established.
The labile serum factor defect can be confused readily with deficiencies of other serum factors, especially with PTC (factor IX). Such confusion seems especially likely in the quantitative studies with the thromboplastin generation test since this factor, probably thrombin, can readily be diluted beyond effective concentration in aged normal serum.
